We find that analysts who frequently revise their stock recommendations outperform those who do not. This result holds for portfolios formed on the basis of favorable changes in recommendations as well as unfavorable changes. The frequency of revision captures information incremental to factors known to identify superior recommendations. Although much of the frequently revising analysts' advantage follows events proxied by abnormally high returns or trading volume, it does not appear to derive from more public events such as earnings announcements. Further, these analysts outperform their counterparts even over the short-run, suggesting that this is not simply a "quantity over quality" phenomenon. In summary, our results imply that the superior profitability of frequently revising analysts emanates at least partly from their ability to generate private information using their superior skill. Overall, the ordinary investor is better off following the advice of analysts who revise their recommendations more frequently. 
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We find that analysts who frequently revise their stock recommendations outperform those who do not. This result holds for portfolios formed on the basis of favorable changes in recommendations as well as unfavorable changes. The frequency of revision captures information incremental to factors known to identify superior recommendations. Although much of the frequently revising analysts' advantage follows events proxied by abnormally high returns or trading volume, it does not appear to derive from more public events such as earnings announcements. Further, these analysts outperform their counterparts even over the short-run, suggesting that this is not simply a "quantity over quality" phenomenon. In summary, our results imply that the superior profitability of frequently revising analysts emanates at least partly from their ability to generate private information using their superior skill. Overall, the ordinary investor is better off following the advice of analysts who revise their recommendations more frequently.
Introduction
One of the oldest questions in finance is whether investment professionals, a.k.a. "experts," can predict or impact the market. Much of the literature suggests that when analysts speak, investors listen.
2 Dimson and Marsh (1984) find that analysts' predictions of future stock returns are exaggerated, but directionally correct on average. Elton et al. (1986) find that abnormal returns congruent with the nature of the recommendation exist for up to two months after the recommendation is made, while Womack (1996) finds significant excess returns for up to six months after recommendation downgrades. Similarly, Barber et al. (2001 Barber et al. ( , 2003 , and Jegadeesh et al. (2004) find that abnormal returns increase with a stock's level or change in average recommendation. These empirical findings are consistent with Grossman and Stiglitz (1980) that information gatherers bring new information to the market to justify their compensation. Most of the earlier studies have focused on the aggregate performance of recommendations and recommendation revisions. More recently, there is a host of papers providing evidence on cross-sectional differences in recommendations' profitability. One reason for these differences is that some analysts may have better skill or better access to private information. Ertimur et al. (2007) and Loh and Mian (2006) find that analysts who issue more accurate forecasts also make more profitable recommendations. Li (2005) , and Mikhail et al. (2004) document that the past performance of an analyst's recommendations tends to persist in the future. Fang and Yasuda (2011) find that top-ranked All-American analysts, who tend to be more experienced than lower-ranked All-American and other analysts, recommend better investments as measured by subsequent risk-adjusted returns. Jegadeesh and Kim (2006) show that analysts who make bolder recommendations than the consensus have a greater price impact. Loh and Stulz (2011) argue that star analysts and more experienced analysts tend to issue more influential stock recommendations than do other analysts. However, Emery and Li (2009) suggest that analyst status can be likened to a "popularity contest" from which subsequent recommendations do not yield positive abnormal profits -and in some cases even yield negative profits.
Another reason for the cross-sectional differences in analysts' recommendations is that some analysts may have distorted incentives. For example, Barber et al. (2007) find that analysts employed by investment banks provide less profitable buy recommendations than analysts employed by independent research firms. Recommendation profitability can also differ based on corporate events. For example, Bradley et al. (2008) , and Loh and Stulz (2011) indicate that recommendations issued concurrently with companies' earnings announcements are more influential. Finally, there is evidence that recommendations accompanied by earnings forecasts are more profitable (e.g. Kecskes et al., 2010) , and that other items included in analysts' reports, such as price targets and qualitative analysis, also impact the profitability of recommendations (e.g. Asquith et al., 2005) .
In this paper we investigate the relative performance of analysts' recommendation changes based on how frequently they revise a typical recommendation. There are at least three reasons to believe that analysts who differ by the frequency of revision may have differential profitability for investors. Analysts compare their own assessment of a firm's fundamental value with the market price and revise their recommendation when they see a substantial change relative to their outstanding recommendation. It is possible that some analysts have better knowledge of the industry, more timely access to management, suppliers, and customers, or alternatively are able to process publicly available information more efficiently than others. We expect that analysts with an advantage in information or skill are able to identify mis-valuation in stock prices more often, and thus revise their recommendations more frequently. Therefore, trading on their recommendations will be more profitable to investors in terms of exploiting short-term mispricing. Frequent recommendations can also reflect more timely communication with investors, an aspect of analyst performance deemed important by Institutional Investor survey participants (Leone and Wu, 2007) .
Alternatively, one could argue that analysts who revise their recommendations more often are acting on noise, perhaps owing to overconfidence (Barber and Odean, 2000; Odean, 1998) . Accordingly the analysts who revise recommendations less frequently are the ones who actually uncover new information. Furthermore these analysts may be more cautious and perhaps use multiple valuation screens before making their recommendation revisions. By this reasoning, investors may be better off following the recommendations of analysts with less frequent revisions.
Additionally, it is possible that the type of information the analyst has determines how frequently he or she changes recommendations. If this is the case, analysts with short-term information will more frequently change recommendations while analysts with long-term information will not change recommendations as frequently. Therefore investors will be better off in the short-run following the recommendations of analysts with more frequent revisions. However, the analysts with less frequent revisions may provide more value to investors in the long-run.
Our study examines whether the frequency of recommendation revisions relates to their profitability. We attempt to generate a profitable trading strategy for investors by focusing on performance differences at the analyst level, similar in spirit to Li (2005) , Barber et al. (2007) , and Fang and Yasuda (2011) . The findings herein could potentially help the ordinary investor, who has limited time and resources and is likely to follow just one or a few analysts, identify superior performers from the universe of all sellside analysts based on a simple measurable yardstick of frequency of recommendation changes in the recent past. Our study also contributes to the academic literature by providing information about the sources of competitive advantage in sell-side equity research. Finally, our work complements some of the findings in the buy-side literature. Yan and Zhang (2009) find that the positive alphas associated with institutional investors are concentrated in those institutions whose focus is on short-term, rather than long-term, profits. Although the work environment of sell-side analysts substantially differs from that of buy-side managers in terms of regulations, bases for evaluation and compensation, employers, and responsibilities (Schipper, 1991) , to the ordinary investor the primary question remains unchanged: which type of analyst yields more profitable recommendations?
We then explore some of the potential reasons for why frequently revising analysts yield greater returns. The source of this higher profitability could, for example, be an enhanced ability to interpret publicly available information. However, we find no statistical difference between frequently and infrequently revising analysts in the percentage of recommendation changes that occur around earnings announcements, and the difference in profitability between the two groups is not concentrated in those revisions that are made during earnings announcement periods. Additionally, it is possible that frequently revising analysts respond more quickly to other information events proxied by abnormally large stock returns or trading volume (in the spirit of Leone and Wu, 2007) . Indeed, we find that frequently revising analysts respond more quickly both to large stock price changes and above-average turnover than do infrequently revising analysts, and those responses yield much higher profits. Finally, we examine whether the underperformance of infrequently revising analysts is driven simply by their relative lack of revisions. We compare the short-run profitability of the two analyst groups by excluding from our portfolios all outstanding recommendations older than two months, and find very similar results to our "long-run" analysis. Thus it appears that those analysts who most frequently revise their recommendations do better even in the short-run; they do not outperform their counterparts simply on the basis of quantity. Overall, our results suggest that at least part of the superior profitability of frequently revising analysts' recommendations derives from a better knowledge of the industry or companies they cover or from more timely access to management, suppliers, and customers.
The remainder of the paper is organized as follows. Section 2 describes the data and methods used. Section 3 documents the main results, followed by robustness checks in Section 4. Section 5 investigates the source of the profitability of recommendations made by analysts with more frequent revisions. Section 6 concludes the paper.
Material and methods
The analysts' recommendations data are extracted from the Institutional Brokers' Estimate System (IBES, hereafter) detail recommendation files for all U.S. firms with a Center for Research in Security Prices (CRSP, hereafter) share code of 10 or 11. Our sample period begins in November, 1993, when the IBES recommendation data file coverage commences, and ends in 2006. We match the Committee on Uniform Securities Identification Procedures (CUSIP, hereafter) code from the IBES files with the CRSP historical CUSIP. To maximize the sample size we first match using 8 character length CUSIPs, followed by 6 character length CUSIPs. Ljungquist et al. (2009) document problems related to recommendations issued by analysts who are anonymous (without any analyst code in the IBES files). Therefore, we include only those recommendations that have a non-missing analyst code. Since the reiteration of a recommendation is of little investment consequence to investors, we delete all reiterations. Thus, our sample is restricted to those stocks whose current recommendations are different from their previous recommendations. A recommendation is assumed to be valid until the IBES files record a stop on the stock by the analyst or until that recommendation has remained outstanding for more than a year. In order to relate the frequency of recommendation changes to their profitability, we concentrate on analysts with at least 3 years of history in the IBES files.
3 To measure how frequently an analyst revises recommendations, we compute the average length of time of his or her outstanding recommendations across all the covered stocks in the previous 12 months. This calculation is updated on a monthly basis. The shorter (longer) the length of the average recommendation, the more (less) frequently the analyst revises his or her recommendations. Starting with IBES analyst recommendation data from January 1997, 4 we create one long portfolio, consisting of recommendation upgrades, and one short portfolio, consisting of recommendation downgrades, for each analyst in our sample. 5 We form these portfolios based solely on upgrades and downgrades because changes in recommendations have been found to be more informative than the actual level of the recommendations (Jegadeesh et al., 2004) . We define upgrades and downgrades with the help of the following scale:
Strong buy Buy Hold Underperform Sell
Within the context of the foregoing table, any recommendation that represents a move to the left, relative to the recommendation that most recently preceded it, is counted as an upgrade and any move to the right is counted as a downgrade.
In addition to recommendation changes we also include initiations -that is, first-time recommendations of stocks by analysts. There is obviously no previous recommendation against which to benchmark initiations, so we classify a first-time recommendation of "strong buy" or "buy" as an upgrade and a first-time recommendation of "underperform" or "sell" as a downgrade.
A stock is added to the long (short) portfolio at the end of the day it is upgraded (downgraded). This ensures that announcement day effects are ignored as most retail investors are unable to act on the recommendation until the end of the day of the upgrade/ downgrade, and is consistent with previous research (e.g. Barber et al., 2001 Barber et al., , 2003 Barber et al., , 2007 . For robustness we alternatively included the announcement day effect, and our results remain qualitatively the same as those shown in Section 3 of this paper. Each stock remains in its long or short portfolio until a subsequent reversal (from upgrade to downgrade or vice-versa) shifts it into the other. The stock leaves the portfolio the day the analyst ceases to cover it or when the most recent recommendation has remained unchanged for more than a year.
Each stock added to a long or short portfolio gets an equal $1 of investment. This ensures that all recommendations are treated equally, without any need for daily rebalancing (such rebalancing would be necessary and costly to implement in a strategy of equal-weighting). It could also be argued that value-weighting may not be suitable for this study, since analyst recommendations have been shown to be more valuable for smaller stocks (Barber et al., 2001) . Barber et al. (2007) also follow the same portfolio weighting scheme. Assuming an equal dollar investment in each recommendation, the return to the long portfolio on date τ is given by:
where R iτ is the gross date τ return on stock i, n τ is the number of stocks in the portfolio, and x iτ is the compounded daily return of stock i from the close of trading on the day of the recommendation through day τ − 1 (the variable x iτ equals 1 for a stock recommended on day τ − 1). This calculation yields a time-series of daily returns for the long portfolio. The time-series for the short portfolio is determined analogously. Daily portfolio returns are compounded to compute monthly returns as follows:
where n t is the number of trading days in the month t and R pt is the raw monthly return for the portfolio. We group analysts by their frequency of recommendation changes and then compute each group's overall abnormal return as a time-series average of cross-sectional means of abnormal return (in the spirit of the Fama and MacBeth (1973) regression framework) of long and short portfolios over the 1997-2006 period. We compute abnormal returns using the CAPM, the Fama and French (1993) three factor model, and the Carhart model (1997) that supplements the Fama and French three factor model with a momentum factor. Although recent studies focus primarily on the three-and four-factor models, we also include the CAPM for completeness. In order to compute the abnormal return of the analyst portfolios using the Carhart model, we regress the portfolio's monthly excess returns on the market's excess returns, firm size, book-to-market ratio, and momentum, all downloaded from Kenneth French's website, as follows:
where the dependent variable is the return on portfolio p in month t net of the risk-free rate, and the factor portfolios include the returns of four zero-investment strategies. In particular, the first factor, r m, t −r f, t denotes the excess return on the market portfolio over the risk-free rate, the second factor, smb, is the return difference between small and large capitalization stocks, the third factor, hml, is the return difference between high and low book-to-market stocks, and the fourth factor, mom, is the return difference between stocks with high and low past returns. The asset pricing model assumes that α i = 0 and ε i,t are orthogonal to the information known at time t − 1 so the risk-adjusted return (abnormal return) for portfolio p at time t is 
In other words, the abnormal return for each portfolio in each month is the sum of the monthly residual and the intercept from the regression. Following a similar procedure we compute the abnormal return under the Fama and French (1993) 
We use the approach outlined earlier instead of an event-time approach because we are primarily interested in the analyst level rather than the recommendation level analysis. To the ordinary investor, who is likely to follow a very small number of stock analysts, the question of whom to follow is central, and thus it is our main research question. Additionally, an event study introduces the thorny issue of what types of information different analysts use; for example, it could be the case that infrequently revising analysts tend to use long-term information while short-term analysts use short-term information. By employing a maximum one year holding period for each recommendation and an aggregate portfolio strategy we are able to determine, over the long-run, which analysts are more profitable. We also examine whether the differences we find are explained by factors already noted in the sell-side analyst literature.
Results

Main results
Descriptive statistics
In panel A of Table 1 , we sort all analysts in our sample into quintiles by their frequency of recommendation changes. If an analyst stops covering a stock or has not revised its recommendation in at least one year then we drop the initial recommendation before sorting. The first quintile represents the analysts who most frequently change recommendations for those stocks that they cover. The mean, median, and standard deviation are given for the overall sample as well as for each quintile. At an average point in time the average analyst's recommendations are outstanding for around 5 months.
6 However, there is substantial variation across analysts since this figure amounts to less than three months for analysts in the first quintile, while it is close to eight months for analysts in the fifth quintile.
In panel B, we provide descriptive statistics of the long and short portfolios that we construct in response to analysts' revisions. There are 3923 unique analysts with a total of 277,078 long and short portfolio-months over the 120 months in our sample period. The number of long and short portfolio-months is approximately equally divided. The slight difference occurs because some analysts may have only long or short portfolios in a particular month due to their most recent upgrades or downgrades. The mean (median) size of a stock in our analysts' portfolio is around $10 billion ($3 billion) during the sample period. A typical analyst holds an average of 7 stocks with active recommendations in his or her portfolios. The typical stock is covered by around 7 analysts. Table 2 provides descriptive statistics of stocks in each quintile in both the long and short analyst portfolios. For each variable, we use monthly data extracted from CRSP or COMPUSTAT, and we detail each variable's construction in the text portion of Table 2 . Within the subset of long portfolios (panel A), the analysts who change their recommendations least frequently tend to cover larger stocks with lower price-to-earnings ratios, higher one-year sales growth, and lower buy-and-hold returns over the previous six months. Analysts in the first quintile a.k.a. those who most frequently change their recommendations tend to cover stocks with relatively high P/E ratios, lower sales growth, and relatively high past returns. Note, however, that these differences are not staggering; the stock characteristics remain roughly similar across different analyst quintiles. Within the subset of short portfolios (panel B), the frequency of recommendation changes has the same relationship with firm size and P/E ratio as it did in panel A. However, there are two notable differences; the analysts who least frequently revise tend to have stocks with relatively low recent sales growth and relatively high returns. There is no difference in the number of analysts covering the average stock in either the long or short portfolios. In addition, within both portfolios there is a negative relationship between the frequency of revisions and the number of analysts employed per brokerage firm. This means that analysts who work for smaller brokerage firms tend to change their stock recommendations more frequently than those who work for larger firms.
Finally, the last four columns of both panels display average factor loadings from regressing excess returns of analysts' long and short portfolios on factors from Carhart's (1997) four-factor model. Within long and short portfolios, there is no relationship in our measure of recommendation revision frequency and average excess return, smb, and mom factor loadings. However, the Table 1 Descriptive statistics. Panel A of this table reports the number of days an average analyst's recommendations have been outstanding. We extract analyst recommendations data from IBES detail recommendations files. We require at least three years of historical information for each analyst to be included in the sample. The recommendation ceases to be valid if the analyst stops coverage for the stock or if the recommendation has remained outstanding for more than a year. Analysts are sorted into quintiles at the end of each month on the basis of average length of recommendations outstanding computed across all stocks in the analysts' portfolio. We report below the time-series statistics of the monthly cross-sectional averages computed from 1997 to 2006. In panel B, we report year-byyear descriptive statistics of analyst-portfolio-months included in our sample. The first three columns show the total number of analyst-months classified as long and short portfolios each year. For each analyst we form one long and one short portfolio. A stock gets included in the long (short) portfolio when an analyst issues an upgrade (downgrade) on the stock. A subsequent downgrade (upgrade) may shift the stock to short (long) portfolio. The stock is dropped from the portfolio if the analyst stops providing coverage or if the recommendation has remained in the portfolio for a year since the last upgrade (downgrade). The fourth column shows the number of unique analysts in the sample. The fifth column reports the mean (median) of stocks' market capitalization in the analysts' portfolios. The sixth column reports the mean (median) number of analysts following each stock in the analyst portfolios. The last column shows the mean (median) number of stocks in analysts' portfolios. portfolios of "infrequent" analysts load somewhat higher on hml, indicating that these portfolios are likely to contain more value stocks.
It is also useful to compare the stocks for which the last revision was an upgrade (panel A of Table 2 ) to those that were last downgraded (panel B of Table 2 ). There are some clear differences between the two groups; for example, recently downgraded stocks tend to be somewhat larger and have higher P/E ratios. Past sales growth is similar for upgrades and downgrades -however, past returns for recently upgraded stocks are much higher. Overall, the average upgraded stock had a buy-and-hold return of 10.02% over the previous six months, while the buy-and-hold return for the average downgraded stock was less than 1%. This large discrepancy between upgrades and downgrades exists across all quintiles and is consistent with a block of empirical research (e.g. Groth et al., 1979) suggesting that past performance significantly impacts recommendations. Compared to long portfolios, short portfolios are less sensitive to market movements, more sensitive to movements in the size (smb) and value (hml) premium and load more negatively on momentum. Table 3 shows the average monthly excess returns to our long and short portfolios, with portfolios sorted into frequency-based quintiles. We compute the mean monthly excess return by benchmarking our portfolio against three models: the Capital Asset Pricing Model, the Fama-French three factor model (which includes excess market returns, firm size and book-to-market ratio), and the four-factor model (which includes the three factor model plus momentum). Panel A shows that the long portfolio's excess return is positive for all models but generally significant only when using the 4-factor model as the benchmark. More importantly, the highest excess returns can be found in the F1 quintile (analysts with most frequent revisions). The difference in excess returns between the first and fifth quintile (F1-F5) ranges from nearly 0.17% to 0.21% per month. Each of these numbers is significant at the 10% level. 7 This finding implies that the positive excess returns for sell-side stock analyst recommendations concentrate most heavily in the analysts who revise most frequently. Panel B documents negative excess returns for most short portfolios. It is important to remember that the negative numbers depict the actual portfolio returns and not the returns to our investment strategy; by shorting these stocks the sign would be reversed (not accounting for transaction costs). Additionally, the largest negative returns reside in the first three quintiles, with the difference between the first and fifth quintiles significant at the 5% level under all three models. Although the absolute values of the returns are smaller than those of the long portfolio in each quintile, the difference between the extreme quintiles is much larger. Panel C shows the excess returns to the overall strategy of buying the recommendation upgrades and shorting the Table 2 Characteristics of long and short portfolios formed on the basis of the average length of recommendations outstanding in analyst portfolios. For each analystmonth, we sort analysts into quintiles on the basis of average length of recommendations outstanding computed across all stocks in the analysts' portfolio. Each column reports the mean of various characteristics of stocks and analysts computed across all analyst-month-portfolios in each quintile. Size is the average market capitalization of stocks in the analyst portfolios. Each stock's market capitalization is computed by multiplying its shares outstanding by the price extracted from the monthly CRSP files. P/E is the average price-earnings ratio of stocks in the analyst portfolio. To compute P/E ratio, price is taken at the end of month price extracted from CRSP files and earnings is extracted from annual COMPUSTAT files (data item #233). We use the most recent earnings if the firm's fiscal year is within 90 days of the current month -otherwise we use the prior year's earnings and end-of fiscal year price per share. Sales growth is the average sales growth of the firms in the analyst portfolios. To compute sales growth, we divide the current fiscal year's sales with the previous fiscal year's sales. Sales are extracted from the COMPUSTAT annual files (data item #12). Similar to the P/E ratio, we use the most current sales growth if the firm's financial year ends within 90 days of the current month; otherwise we use the prior year's sales growth. Past return is the average buy-and-hold return of stocks in the analyst portfolios over the previous six months. "# of analysts/stock" is the average number of analysts for each stock in the analyst portfolios. "# of analysts employed/broker" is the average number of analysts employed by the brokerage firm to which the analyst is affiliated. Factor loadings represent the cross-sectional average coefficients of time-series analyst long and short excess portfolio returns regressed on the factors of the four-factor model. Details of the regression are provided in the caption for downgrades. All three models result in a highly significant mean excess monthly return for all but the fifth (lowest frequency) quintile. The highest excess returns are found in the first quintile and, if compounded, reach well over 6% annually. The difference between the excess returns to the first and fifth quintiles ranges from 0.46% to 0.48% and is significant at the 0.1% level. These findings suggest that all analysts but those with the least frequent revisions have valuable information. However, analysts who revise their recommendations most frequently generate the highest excess returns. This finding is consistent with the idea that analysts who issue recommendations more frequently bring more valuable and timely information to the market, either because they have superior access to producers of private information or because they process public information more efficiently. This finding complements the research of Yan and Zhang (2009) , who show that the positive excess returns enjoyed by institutional investors are concentrated most heavily in short-term institutions.
Profitability of analysts' recommendations
Robustness checks
Although our findings indicate that investors can generate higher excess returns by following the recommendations of analysts with the most frequent revisions, it is possible that our results may be manifestations of other factors already known to help identify superior analyst recommendations. In this section we control for these alternative explanations and show that revision frequency indeed captures incremental information predicting the profitability of recommendations.
Investment banking relationships
Barber et al. (2007) argue that analysts employed by investment banks are reluctant to downgrade stocks of firms that are potential clients. As a result, the authors find that buy recommendations of analysts employed by independent research firms outperform those of analysts employed by investment banks. If analysts employed by investment banks tend to also revise less frequently, then it is possible that our result linking the frequency of revisions to profitability is just a manifestation of this. To investigate, we redo our analysis in Table 3 separately for analysts employed by investment banks and for other analysts.
We follow Barber et al. (2007) to categorize research providers into investment banks and into other (independent) research providers. In panel A of Table 4 , we define investment banks as the 10 brokerage firms sanctioned in the Global Research Analyst Settlement of 2003, 8 and all other providers are presumed not to be investment banks. The panel provides monthly excess returns of zero-investment portfolios formed by buying the upgrade portfolio and shorting the downgrade portfolio for each group of analysts sorted by revision frequency. Regardless of affiliation, analysts who frequently revise their recommendations outperform other analysts. For example, the difference in monthly excess return for the long-short portfolios of analysts between extreme frequency quintiles is around 0.75% (0.35%) for analysts associated with sanctioned banks (other research providers). These differences in monthly excess returns are statistically significant at the 5% level or better. In panel B, investment banks are defined as brokerage houses that acted as lead, co-lead, or syndicate members in an equity issue during the sample period (as reported by the SDC database). The results in panel B are similar to those in panel A and demonstrate that frequently revising analysts tend to generate higher excess returns in both subsamples. The difference in mean longshort monthly excess returns between extreme analyst quintiles ranges from 0.377% to 0.694% and is significant at the 5% level in five out of six specifications. Overall, Table 4 suggests that our primary result holds regardless of whether analysts are employed by investment banks or by independent research providers. 
Past recommendation profitability
Li (2005), and Mikhail et al. (2004) report that analysts who have been relatively more successful at generating profitable recommendations in the past continue to do so in the future. This result suggests that some analysts have better access to private information, or alternatively, better skills to process public information. It is possible that analysts with these skills are the ones who are able to provide timelier recommendation revisions to investors. If so, our frequency measure may just be another manifestation of the performance persistence result.
To examine the robustness of our revision frequency measure to this possibility, in each month we classify analysts into two groups based on whether their prior 12 months' compounded abnormal returns were above or below the median. Abnormal returns are based on the CAPM, the Fama/French three factor model, and the Carhart four-factor model, respectively, as indicated in the column headers. Table 5 reports the results. Analysts with below median past performance provide more profitable recommendations when they revise more frequently. Specifically, the monthly excess return difference in the long-short portfolios of analysts between extreme frequency quintiles is around 0.65% and statistically significant. The relation between revision frequency and profitability is weaker among analysts with above median past performance -however, those with the least frequent recommendation revisions are the only group without a consistently positive abnormal return. Additionally, the results are stronger under the Carhart model than under the three-factor model. This indicates that since momentum is the only additional factor in the four-factor model, past returns may potentially explain the difference between these two models' results. In fact, the difference can be seen in Table 2 , which shows the past returns of first quintile stocks to be 11.49% for upgrades and 0.48% for downgrades (an 11% difference) versus 8.12% for fifth-quintile upgrades and 3.02% for fifth-quintile downgrades (only a 5% difference). Thus, our finding on the association between recommendation frequency and profitability exists mainly for analysts with low past performance.
Recommendations of star analysts
Next, we inspect whether the status of the analyst -"star" versus "non-star" -impacts the excess returns that we documented in Table 3 . Previous research has linked status or title to fees and compensation (e.g. Dorfman (1991) , Galant (1992) , and Stickel (1995) ). Additionally, Fang and Yasuda (2011) and Loh and Stulz (2011) find evidence that status and experience are positively related to excess returns, while Emery and Li (2009) suggest that status may be negatively related to excess returns. To control for the analyst's status, we categorize our analysts as stars or non-stars and then sort on their revision frequency. We define a "star" analyst as one who appeared on the Institutional Investor's first, second, or third analyst all-star team. 10 Panel B of Table 5 shows the results. We find that analysts with the highest frequency of revisions outperform those with the lowest frequency in both the star and non-star groups. The difference in abnormal returns between the first and fifth quintile is statistically significant for non-star analysts at the 1% level and for stars at the 10% level. Thus the status of the analyst does not appear to influence the excess returns from Table 3 . Kecskes et al. (2010) find that recommendation changes accompanied by confirming and "innovative" earnings forecast changes have approximately double the investment value of other recommendations. It is possible that earnings forecasts are provided with the timeliest recommendation changes, and thus our main finding could be a manifestation of Kecskes et al.'s (2010) result. In this section we focus on whether recommendations are accompanied by earnings forecasts. We separate into two groups the recommendation changes that occur within a day of (before or after) earnings forecast changes made by the 10 We sincerely thank Michael Cliff of Virginia Tech who provided us with the data on star analysts. Table 3 Profitability of recommendations. This table shows the percentage monthly mean abnormal return of the portfolios constructed using the analysts' upgrade (long), downgrade (short), and net (long minus short) portfolios. We assign the analysts to quintiles by sorting on the average length of their outstanding recommendations. In order to be included in the portfolio, each stock must have an outstanding recommendation issued within the last year. Upgraded (downgraded) stocks are added to the long (short) portfolios at the end of the recommendation days. Each added stock gets an equal one dollar of investment. The stock then stays in its assigned long or short portfolio until a subsequent upgrade or downgrade shifts it into the other. The stock also leaves the portfolio the day the analyst/brokerage house ceases to cover the stock or once it has remained in the portfolio for a year since the last upgrade (downgrade). Daily portfolio returns are compounded to compute monthly portfolio returns. In order to compute the monthly abnormal return of the portfolios, excess monthly portfolio returns are regressed on the excess market return for the CAPM, on the excess market, size, and book-to-market factors for the Fama-French model, and on the excess market, size, book-to-market, and momentum factors for the four-factor model, respectively. Excess market return, size, book-to-market, and momentum factors are downloaded from Kenneth French's website. The abnormal return in each month is the sum of the monthly residual and intercept from our regressions. P-values based on two-tailed t-tests are shown in parentheses. Panels A and B report the returns for the long and short portfolios, respectively, and Panel C reports the returns of the long-minus-short portfolios, which are essentially zero-investment portfolios formed by buying the upgrade portfolio and selling short the downgrade portfolio of each analyst.
Recommendations accompanied by earnings forecasts
Portfolios
Mean same analyst for the same firm and those that do not. Table 6 provides mean monthly excess returns for zero-investment longshort portfolios constructed within these two groups. We observe that in most cases analysts with more frequent recommendation changes outperform analysts who revise less frequently; furthermore, this difference is economically larger and statistically significant among recommendations without earnings forecasts. Thus it appears that revision frequency predicts success incremental to that which is predicted by earnings forecasts.
Experience of analysts
Several papers find that experienced analysts issue more profitable recommendations (e.g. Fang and Yasuda, 2011; Loh and Stulz, 2011) . It is possible that analysts with more experience revise their recommendations more frequently, and if so, then our result could just be a manifestation of analyst experience. Therefore, we examine to what extent our results are influenced by differences in analysts' experience. Following Loh and Stulz (2011) , we measure analyst experience as the number of quarters since the analyst issued the first earnings forecast or stock recommendation on IBES. We use the earlier of two dates if the analyst issues both forecasts and recommendations. We classify analysts into two groups based on above median and below median experience in every month of our sample period. The results in panel A of Table 7 indicate that the mean excess returns of longshort portfolios within both experienced and non-experienced analysts is greater for analysts with the most frequent recommendation revisions compared to analysts with the least frequent revisions. However, the results are statistically significant only for analysts with above median experience. A possible explanation is that more experienced analysts are less affected by career concerns and therefore are able to provide "bolder" recommendations in addition to the "bolder" forecasts documented in the literature.
Revision frequency is an especially salient predictor of profitability when one examines the difference between experienced and inexperienced analysts within the same quintile. Panel A shows the average abnormal return for experienced, highestfrequency analysts to be 0.716% under the CAPM versus 0.365% for inexperienced, highest-frequency analysts. This is greater than the difference within any other quintile, regardless of which abnormal return model we use. Thus it appears that some of the difference in profitability between experienced and inexperienced analysts is captured in the frequency of revisions. Table 4 Recommendations by analyst investment bank affiliation. This table shows the average percentage monthly mean abnormal return of portfolios constructed using the analysts' long minus short portfolios, in subsamples of whether or not the analyst is employed by an investment bank, and within that, in quintiles formed by sorting on the average length of the analyst's outstanding recommendations. Subsample assignments are updated each month. In Panel A, analysts affiliated with the 10 brokerage firms sanctioned in the Global Research Analyst Settlement of 2002 are considered analysts employed by an investment bank; all other analysts are assumed to be employed by other research providers. In Panel B analysts employed by brokerage firms that acted as lead, co-lead, or as a syndicate member on an equity issuance during the sample period (as recorded by SDC) are considered to be analysts employed by an investment bank; all other analysts are assumed to be employed by independent research firms. The calculation of abnormal returns for analyst long-short portfolios is described in the caption of 
Number of stocks covered by analysts
Finally, it is possible that the analysts in our first quintile change stock recommendations more frequently simply because they have fewer stocks to cover and can therefore devote a greater percentage of their time to uncovering more valuable information for each stock. To examine this possibility in greater detail, we sort analysts into two groups by the number of stocks covered and then within each group we further sort them by the frequency of recommendation changes. Panel B of Table 7 provides the results. We find that regardless of how many stocks the analyst covers, those analysts with the most frequent revisions significantly outperform the analysts with the least frequent recommendation changes. Thus, it appears that the significant excess returns we observed in Table 3 are not driven by the fact that some analysts cover more stocks than others.
Sources of higher profitability for frequently revising analysts
Overview
Thus far, we have found that the frequency of revision relates positively to profitability and, with the exception of analyst experience, is robust to a host of other factors that have previously been shown to affect profitability. 11 We now explore a few of the potential reasons for why the most frequently revising analysts enjoy this advantage. First, analysts who revise their recommendations frequently may be better at processing publicly available information than those who revise infrequently. To explore this, we examine analyst behavior surrounding firms' earnings announcements. Second, frequently revising analysts may be better at uncovering non-public information or interpreting information that is a bit more obscure than earnings announcements. To explore this, we document other types of "information events", proxied by large moves in the stock price or high trading volume. Third, frequently revising analysts may yield higher returns to their investors simply because they make more revisions; infrequently revising analysts may give advice that, per recommendation, yields as 11 Even among relatively inexperienced analysts, those who revise most frequently outperform those who revise least frequently, though the difference is statistically weak. Table 5 Recommendations by analysts' past recommendation profitability and by analyst star status. This table provides monthly mean abnormal returns of portfolios constructed using the analysts' long minus short portfolios. Panel A presents subsamples of analysts' past recommendation performance, and within that, quintiles sorted by the average length of the analyst's outstanding recommendations. We classify analysts into two groups of above and below median past performance on the basis of the analyst's prior 12 months long-short portfolio buy-and-hold abnormal return benchmarked with the CAPM, the Fama-French three factor, and the four-factor models, respectively. Panel B presents subsamples based on analyst star status and within that, quintiles sorted by the average length of the analyst's outstanding recommendations. The analyst is designated a "star" if in the previous year the analyst appeared on the Institutional Investor's all-star analyst team (first-, second-, or third-team). Subsample assignments are updated in each month. The calculation of abnormal returns for analyst long-short portfolios is described in the caption of Table 3 Table 6 Recommendations accompanied by earnings forecast revisions. This table provides monthly mean abnormal returns of portfolios constructed using the analysts' long minus short portfolios. The subsamples are based on whether or not a recommendation change is accompanied by an earnings forecast, and within those groups, quintiles are sorted by the average length of the analyst's outstanding recommendations. A recommendation change is defined to be accompanied by an earnings forecast if the recommendation change is made in the three trading days centered on an earnings forecast made by the same analyst for the same firm. P-values based on two-tailed t-tests are in parentheses. Table 7 Recommendations by analyst experience and by the number of stocks covered. This table provides monthly mean abnormal returns of portfolios constructed using the analysts' long minus short portfolios. Panel A presents subsamples of analyst experience, and within that, quintiles sorted by the average length of the analyst's outstanding recommendations. An analyst is considered experienced if the number of quarters since the analyst issued his first earnings forecast or stock recommendation on IBES is above the median for all analysts. We use the earlier of two dates if the analyst issues both forecasts and recommendations. Panel B presents two subsamples formed by the number of stocks covered by the analyst, and within that, quintiles formed by sorting on the average length of the analyst's outstanding recommendations. Subsample assignments are updated in each month. The calculation of abnormal returns for analyst long-short portfolios is described in the caption of much or perhaps more profit in the short-term, but the rarity of revisions causes the returns to be lower over the course of a year (recall that our portfolios drop a stock only after its most recent recommendation has been outstanding for a full year). To explore this, we shorten each stock investment in our portfolios to a maximum of two months.
Recommendations accompanied by earnings forecasts
Earnings announcements
If frequently revising analysts process public information more accurately or more quickly than do infrequently revising analysts, then one would expect such a skill to show up around specific, public events such as earnings announcements. Table 8 explores this possibility. In panel A, the proportion of earnings announcement period recommendations (Days −1 through +1) versus nonearnings announcement period recommendations are shown for each analyst quintile. Though unreported, the difference between the first and fifth quintile is statistically insignificant. Thus, even though analysts in the first quintile by definition make more revisions than do analysts in the fifth quintile, if their primary advantage revolved around public information then one would have expected a significantly higher percentage of their revisions to occur around earnings announcements than the revisions of fifth quintile analysts. However, it is also possible that even though first-quintile analysts make the same fraction of their revisions around earnings announcements as their less frequently revising counterparts, they do so with greater accuracy. If this is the case, then one would expect at least a portion of their excess return advantage to concentrate in this specific subset of revisions. Panel B of Table 8 compares the profitability across quintiles for both announcement period and non-announcement period recommendations. When we calculate excess returns using the CAPM, the difference between the first and fifth quintiles' profitability is larger for announcement-period revisions, but is also significant for non-announcement period revisions. When we use the three-or four-factor model instead, the first quintile's advantage concentrates completely in the subset of non-announcement period revisions. On balance, the higher profits generated by first-quintile analysts' recommendations do not appear to come from earnings announcements made by the firms that they cover. In fact, it may be argued that the frequently revising analysts' profitability stems from uncovering information that extends beyond public events such as earnings announcements.
Abnormal price changes and trading volume
It is possible that frequently revising analysts are better at interpreting certain forms of market behavior than they are at interpreting more public, firm-led events such as earnings announcements. Following Barber and Odean (2008) , Conrad et al. (2005) , and Da et al. (2011) Ryan and Taffler (2004) , we proxy for other types of "information events" with stock price movements of larger than positive or negative 5% or greater than twice the normal daily trading volume. Table 8 Earning announcements. This table shows the percentage of recommendation changes that occur around firms' earnings announcements, as well as the profitability of those recommendation changes, for all revision-frequency based analyst quintiles. Panel A presents the percentage of revisions that occur during the announcement period (Days −1 through + 1) versus outside that period for each analyst quintile. Panel B presents subsamples based on whether a recommendation change is made in the three trading days centered on a firm earnings announcement, and within that, in quintiles formed by sorting on the average length of the analyst's outstanding recommendations. Subsample assignments are updated in each month. The calculation of abnormal returns for analyst long-short portfolios is described in the caption of Panel A of Table 9 shows the average number of days that it takes each analyst quintile to make a recommendation change following an information event. For the overall sample as well as the subsamples of upgrades and downgrades, the difference in reaction time to large price changes (the columns on the left) between the first and fifth quintiles is significant. The columns on the right show a smaller, but still highly significant, difference in reaction time to days of abnormally high volume. Thus for both types of events, it is the frequently revising analysts who are the fastest to revise their recommendations.
Panel B compares the profitability of revisions following information events to that of other revisions. When the event is a large price change, revisions made by first quintile analysts yield abnormal returns of 0.38% (CAPM) to 0.60% (four-factor model) higher than those made by fifth-quintile analysts. Non-event revisions made by first-quintile analysts yield only 0.16% (Fama-French) to 0.24% (CAPM) higher than those made by fifth-quintile analysts. Following days of abnormally high trading, the first-quintile's advantage ranges from 0.40% to 0.45% versus only 0.11% to 0.18% for other recommendations. On the whole, we find that although the difference in profitability between first-and fifth-quintile analysts is sometimes marginally significant and always positive on days not following news events, it is (relatively) 50% to 250% higher and generally significant on days following news events. Thus we conclude that although Table 8 showed a highly public event (earnings announcements) to not be a significant source of frequently revising analysts' profitability, Table 9 suggests that much of their advantage does derive from reacting quickly to abnormal trading activity. Table 9 Price and volume as proxies for news events. Panel A of this table shows the average number of days, for each quintile, between a "news event" and a recommendation change. Panel B shows the average abnormal returns across quintiles for those recommendations that occur after news events as well as for those that do not occur after news events. The calculation of abnormal returns is described in the caption of 4.1.3. Revision frequency and long-run versus short-run profitability Although our results from Table 3 run counter to the hypothesis that infrequently revising analysts' information is longer-term than that of frequently revising analysts (at least insofar as we find that frequently revising analysts do better over the long-term), it is possible that the first quintile's profit advantage is a simple story of quantity over quality. In other words, it may be the case that the individual recommendations made by fifth-quintile analysts are on average equal to or even more profitable than those made by first-quintile analysts, but that the relative lack of revisions in the fifth-quintile portfolio causes it to have lower abnormal returns over the long-run. To explore this possibility, we keep the same analyst quintile designations as before, but redefine the portfolios such that we omit all recommendations outstanding for more than two months rather than one year.
The results of this alternative method of portfolio construction, shown in Table 10 , are very similar to those in Table 3 . The difference between the first and fifth quintiles is positive and highly significant no matter which model we use to calculate abnormal returns, and the magnitude of that difference is actually greater for the three-and four-factor models in Table 10 (although the p-values are slightly larger) than in Table 3 . Thus it appears that even on a per-recommendation basis, the recommendations of frequently revising analysts are more profitable than those of infrequently revising analysts for a period of up to two months. We interpret this finding as evidence that the ordinary investor is better off following the advice of first-quintile analysts even over short periods of time. We find no evidence that whatever caution is exhibited by infrequently revising analysts leads to higher returns in either the short-or long-run.
Discussion and conclusions
Several studies document that the positive excess return subsequent to analyst recommendations (e.g. Dimson and Marsh (1984) , Logue and Tuttle (1973), and Womack (1996) ) is driven by analysts with certain characteristics. Consistent with the empirical literature, we find positive "alphas" subsequent to analyst recommendations, but we also find that the analysts who most frequently change their recommendations are the ones with the highest excess returns. We conduct several robustness tests and show that our results are not subsumed by characteristics that are known to predict performance, such as analyst independence, experience, star status, past profitability, the number of stocks covered, or whether a recommendation is accompanied by an earnings forecast. Thus it appears that analysts in our first quintile are simply able to identify mispriced stocks more often. These robustness results suggest that the frequency of recommendation revisions captures incremental information ignored by current factors known to help identify superior analyst recommendations.
Additionally, we conduct further analysis to explore the source of frequently revising analysts' abnormal return advantage. We find that most, if not all, of this advantage is concentrated in recommendations that do not occur after earnings announcements. We then look to see whether frequently revising analysts respond more quickly to other types of information events proxied by large stock price changes and trading volume. We find that first-quintile analysts not only are significantly quicker to respond to Table 10 Short horizon portfolios. This table shows the percentage monthly mean abnormal return of the portfolios constructed using the analysts' upgrade (long), downgrade (short), and net (long minus short) portfolios. We assign the analysts to quintiles by sorting on the average length of their outstanding recommendations. This table is recast from Table 3 with the assumption that each recommendation is valid for 2 months. The calculation of portfolio abnormal returns is described in the caption of this type of investor behavior, but that their profits relative to the fifth quintile are also much higher. Last, we shorten the holding period for all stocks in our portfolios to a maximum of two months and find that the results remain largely unchanged. Our results suggest that analysts who revise their recommendations more frequently are more responsive to the market and do not derive their advantage from firms' earnings reports. A significant part of their overall advantage lies in those revisions that follow unusual market activity. Additionally, their higher abnormal returns do not appear to be a result of simply having made more revisions. Our results are consistent with the hypothesis that at least part of the superior profitability of frequently revising analysts could be attributed to their superior skill in uncovering private information. We conclude that investors are better off, both in the short-run and in the long-run, following the advice of analysts who make revisions more frequently.
